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ABSTRACT 

This is the executive sumaary for "The Role of 
Science and Technology in Economic Competitiveness," (1987) based on 
a national survey on competitiveness. The study focused on three 
primary topics: the adequacy of huoan resources and its relationship 
to human ^ility to compete; investment in resarch and development; 
cuid technology transfer, i.e., the ability to transform research 
findings into new products and processes. The study participants 
Identified a number of areas for improvement. These include science 
and mathematics education, university/industry cooperative ventures, 
and greater commercialization of research findings. The study also 
revealed, however, that much of the change that must occur is 
long-term in nature. (YP) 
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T 

M. he most demanding; challenge facing America s 
k*ackfndiip tciday is to rcj^tore riiis cininin's c^in^*ti!t\r 
piisitkm in the global marketplace. TTw pattern of the 
las^ fifteen >trars - slonir^ productivity grtmth ct>mbined 
with gfcmii^ ccm^titiim fix>m frnxJiMXTS - has kx! 

to rectml tmde defitit«^ a decline in real eaminj^ of 
American w)rkers, and a ««^giKtnt standard of It\ing. 
Vtliile there are many ausoas ftir the eniMon erf the T.S. 
c^)mpctitf>'e position, there is a growing national 
coasensus rtrgarding the undeipinnings of cxm^-titiAv- 
ness. One area of cxinsensus is that IAS, inwstments in 
ivscwcli and ediuration i^ill be critical in the long- 
term u» tlie United Slates seeks to maintain and impnntf 
its competitiw positiim in the world ectinonn-. 

In an effiwrt to assc*s» the health of the T.S. a-sc^arch 
sy?9tent Ihe Omihence HoanJ ami the Natii>nal Cknemjrs' 
Av«)ciati(Hi, with the support and parlicipatkMi of the 
Natiimal >ic1cwe F(Hindati<»a untfcfttK*; a ft>int paqtxt. Hk* 
pniject solicited the \iews of the nation's Ciinvmors, 
senior officers of I .S, cxmi}>anies, and parents and 
deaas irf I IS. colleges and uni^eniitics on the a^iatioaship 
of lis. c*«>mpetiti\x'nc"ss to our human resouae hase 
and a^*aati and (kr\x'iopment e^xidt>'. The \ie\%> i>f tlx-se 
key kaden» wea obtained thnnq^ a sune>' and thiee 
regional meeting held in April 19H7. 

The stud) fcxused cm rha^e prim;ir\- topics, tlur adequacy- 
of our Imiman arscxia-rs and their alatitmship to our ;;dMlit>* 
to cxmipete; IIS. im^*^tment in aseaa*h am! dorlop^ 
ment; and technok^* transfer, i.e., the ahilit)- to traas- 
fiwrm a*search findings into neu^ pnxlucts and paHT'-sses. 



Marshalling Human Resources 



EdiKzation ^^as viewed b>* all thax* gamps - business, 
academic, and gm^emment - as the kt^ to the nation\s 
onnpetitiveness. While reei:^?nizing that imv of the 
compeliti\ie sta^ngths of the Tnittxl States has been its 
human rcMma-es, the partid{xints e3q>a»*ti comrem 
reganlir^ the qualit)* of science, engineering, and mathe- 
inarics c*duc^tion tcxla>'. Althou^ this ct)ncem a}^lied to 
all Itvch erf cnJuc^ation, ga-atc^ concern fiixru!^^ on 
theKUkrwl 
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At the uniwrsity lewl. attenticm Abused on the ncxtl 
ft)r state^rf the-an taciltties ami equipment. Both bu.'dncK'i 
and .^atc gowmment officers su]^)orted tiK \1ew *rf 
university officials that imestnient is sonrly needed in 
laboratur>- iastruments and buildings. ITiea* was 
Wss concern with the quality trf undcQ^wlu^tc iastruc- 
tii)n than the paparation tif undcrgi^dualc students in 
tlu' sciences and mathematics, ami c^mxtn H'as expa'SMxl 
a-gm.tii^ the aNK v erf cxrfkijses and uniwniittcs to amtinue 
to attract ami atain qualiiurd facniltv. 

Business executives emphasim] the iwal fi)r high- 
level technical training, amtinuing cHlucation, and job 
anraining. Pointing out that workers at c\cr>- le^el 
can no longer expect to graduate from m:1u)o! with a 
skill tl^t will lasr a Hfetinn:, the buMiunw rc*>9X indents 
einphasm-d the importame of maintaining a tlexibk* 
woiirfcmx*. V^Tiile uni\ersit>- officials aga-ed with this 
a^vscssnK'nt, <ipiniun vrds divided wth a-gard to whetlKT 
industries, community colleges, or uni\t*rsities should 
have responsibility for pnn iding continuing education 
and training. 

Panicipants n-commcndt*!! tliat sciencx and mathematics 
cxJucation he impnnvtl by: 

• Impnnir^ the quality and quantity of teachers 
at tlx* K 12 Ie\vl than^i the uh* of s^ln^tarsliif^ 
grants, and loans, 

• c:hanging certification requia-ments to allow 
engineers, physicists, and mathematicians lo 
lx*C(;me certified lo leach in the K-12 gnides. 

• Pnniding jqieciaJi/ed scIickiI sittings that em]>hasi/e 
math and science. 

• Incaasing tin* im(j>henient of the business cxm> 
niunit}' in K 12 education. 

• (Hrnerating ga-i^ter ct)q>orate support fi)r uniwrsities 
by participating in student cm^perative pn>grams 
panidifv si?^ nxTribeni to as ittJ^mct fiicaih); 

and doi^ting ftinds ami t^ipment to uni\'ersity 
lahoratc^es. 
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InvesiUfig in Rest^arch and Ucvekipiiiciit 



VHih a'gafxl m VS. tmvstmttit in HDicaaii ami ik%x4cTNiK-in, 
owr half thv resiHindcnts bclitntrd that increaM.*d 
SD^Ht ft)r civilian baMC rcscardi is ctitic^ to ihv liitua' 
uimpttilhx'm^ <>f tlx- r s. cxxmumto-. ITktc i^its MniK* 
debate cin whether or not the nation s current ilefi-nsc 
buikiiq> mi}^t he draining Mienti^s and er^ineers 
from the ei^ilian sect<ir, and whether thij* drain has an 
in^ct on the nation's ixwnpetitiwnes?*. A maforit)' ot 
those wluj e^qpmiNed themscKes im thin Isfwe thou^t that 
this trend was Iia\ing a distineth^ mrj^tiw, if unmea«aireil 
in^ct on America s abiiit\^ to retrain conpetitiw in the 
civilian gOfHls >^tors, 1Tie survv) re?^»ndents, huwiTcr, 
did not lx"Ue\*e that the concent rat ion of research and 
dcnvlopment resources in the defense sector wus a 
cTitic^ issue affecting comixtitiwrness. 

An interesting diflfea*nce enKTgeil from the sunc\ in 
how much imptirtante uni%vrsit>' officials placxti on re- 
search aixl dovkfiment a'souax^ as an issiK- affecting I \S. 
C4)n^iiii\eness as c^pposed to tlur competitiveness 
of their university. Vflien askcnl to rank six major issue 
areas - human resoua*es, research and dewlopment 
reMHirces, fiscal and monetary' politn\ fedeml regulators 
polic>\ and tetiw>k)gv' tram&T - the imi\ef?4t>' ix-jpomkTits 
ranked researtli and ckfve'hipnKiit nrsouires first in temis of 
its intact on the uni\ersit>'s am^-titiveness hut sixth 
in terms of its impact on the nation's conipetiii\xness. 
Business and state oftictals hoth ranked a-search 
and dewk^K-m rt-simrces as iliird in inportaiuv in nr}$ml 
to the nation's competiiivvrHrss, 

The study participanis agreetl lliat in order to nnrct 
the cliaiieiige of txonomic cimiixiitiwnt^ss, the I nited 
States as a nation must not only make a cominitnient to 
its resea;. ,h s>-stem, but redefine the relaticmship 
between gowmment, uni\^*rsities, and businesses in the 
conduet of research and the use of research find- 
ing. The study focused ?qK*cifically on the new industry 
uni\^TNit>' rrsejiali partnerships being iivated and soi^^it 
til answer the fbUowing questioas. What is the levci i)f 
commitment on the part of both businesses and 
unis^'ndties to these new partneniiips? Hou effective do 
the rejqpondents feel these ^>5nt efforts haw bcvn?' Viliat 
obstacles have been encountered in implementing 
unist:ndty/industr> pn^gmms? WTiat stefw^ a>uld be taken 
til in^rtnir such partncTKhip arraf^*n^nts> ^XTiat is 
the i^inion of busimrss and uni\x'rsity kr^Ts nrgarding 
«ate c8i>rts to pn>nK>te partnerships? 

The cimcept of unin'rsit)/irKiustr> nesi^arch partnershi|>s 
and Slate effi>rts to pnmKite such partnerships gerKrrally 
received hi^i marks, but the slud\ participants outlined 



a numlKT of ditficuUies in their implementation. Ikith 
business anti university officials stresscnl the need 
for greater corporate im-iihx'ment. lndustr>\ they indi- 
cated, is not committing its "best and brightest" 
siientists and engineers to these joint wntures. S<ime 
univxTsity ofllicials als<i expressed ivser\*atkms ivgarditig 
the expectations being placxrd i)n these new pantKrsliips 
to pnidiKX' shon-iemi cumuhthc de\x4iipnient lesuits. 

Ihea- WHS geneial ^ixxm-nt that the new iini\eiMt>V 
indu?^' pannen4itps are experimental and that theiv is a 
need to UKmitor ibL' outcomes of these effi>rts and 
asKTKs their eflectiwni*?is. 

In spitL' of bu^ness' suj^irt ftir Imlu^n, untvxTsit) 
partnei>ihi|>(, siigiitly wxm- than half of the bu?4ness re- 
spcHxkmts dkl ni»t Ivlioe that ax^T^v a-seaali amor^ 
indu?iSries md uni\\'mtk*s wtHikl havx' a critkral inpact 
c«i I .S. cxNipetiti\x.-ni-ss ami e%\n ftrwvr, apjmixinmely ow- 
quarter, believed it \ii)uk! haw a critical impact on 
the competitiveness of their firm. In ccmtrast, o\er H() 
jxrrccnt i>f the state officials and two-thirds irf the uni- 
versity respondents be!ie\i*tl that cmiperatiw research 
amtmg intiustn- and universities will havr a critical 
impact on r.S. ct>n^*titi\nK%s. 

MeasurL*s suggested for encouraging the gnmih of 
university industry aK^Tathe a-seaah inclutk-: 

• Modilication of existing anti trust restrictions to 
tmctmnige a'Si*arch and development joint ventures. 

• Hxpaiv^on tlie nun*>er itf teiiinologv txtmrs. 

- l^nnision of diai t fedenil finitncial support tor 
certain industn uniwrsity partnerships. 

• I:stablishment of niulti indusir\ . nuiIti-distipHnm 
rt*searLii parks. 

• Alteration of laws to allow faculty niemlx-rs to 
take eijuity position in a-si^iali aiKl ckwU^^ment 
^)int ventures. 

• Devclopnunt of uniform terms and contracts 
lor joint vx-ntiires. 



Cireatiiij; an Iiim>vative Emin>nmci!t: 
Cielting Ideas to Marketplace 



the final issue ocantiiK'd was technt^c^ tramftr, the aHlitv* 
to apply ne\% research findings in the marketplace. 
Business re?fK)ndents do m>t believx* lethnologj transfer 
to be a cTitit^il issav atietlir^ the reition s c<mipititiveness. 
A revii'w of the sum*)' rej^)nse% however, indicates tliat 
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the wtm tcchimli^' iranskr anvrs a wkiv urrav ol 
issues Minic of ^iiich wvw iUciuiticxI as anas of sericHis 
aHKcm. Oiie slhM Ihw, fiir cxair^k% was tlx* cxcvvs 
time in ilnr cxminKaialiiixiticMi crf'ieehmik^^ by bin^ne^is. 
ScwTal meeting partiiipanis argued that ilie I 'niied 
States has not haa! a significant pnrfilem with t^minuT- 
iiati/atk)» - thit is. hrii^ng a pnKliKt to iiiarkei - hut Uiat 
it has experieiKXtl pn)t4enis imiiKir^ pniiiuiikin ami 
nKirkettni^ i.e.« heii^ Mc to pniduee a iiigjli quality pnidiicl 
at a eon^xiitiw price 

Re^^ndents fn>ni all thax' scxiors belie\r that husiiK-hs 
lack of long-temi goals and \ision has hindc^atl the 
eommerciuli/atiim of I .S. teiiinolog)-. The husinvss com- 
niunst> was faulted, b\' its i>wn rqwseniatiws, for lack of 
patientv, and for tiKiising on tlx* mxt quartern pnjtits 
ratturr than iIk- potential pa>x)lf from long term irnvj^nK-nis 
in product doxHc^ment. 

W ith regard to slate programs, the business and 
uniwrsity officials imlicatcxl a greater awnaness and use 
of the programs that su|^>rt a'st'arch and dewh^nient 
rather than those designeil to assist in c^mmierciali/ation. 
TIk' fact that business <^cials exhilMtcil k'ss inteix'?<« in 
c^^mmereiaii/ation assistance pn>grams may reflect the 
fact tliat the majority of the business respondents 
represent large firms, firms which have access to in^ 
iKHLse tixtinical expertise. A breakckmii b> si/e of firm 
shows tfiat smaller ccnnj nies did, in fact. sIkiw a gaater 
dega^e of intea*st in the stale conimerciali/aiion as- 
sistance programs. 

J^citic suggi'stions for im}^ro\ing commerciali/;aion 
include: 

• IX*\x"lopmeni of more accurate indicators of 
Uihnologj transfer m> that I S. sirali-gisis ha^e 
a better grasp of the dimensiims of this 
problem. 

• Increased uHeniction txtween technologists at 
prinuir> nianufacuiring firms and lliiise in sup- 
plier firms. 

• Development of a cada* of technolug) transfer 
agents or mechanisms that will pennii cnire 
preneurs to acquire and commcrciali/e 
technok^' discowries unused by eitluT major 
lahoratork's or uni\xt>at> a-search centers. 

• Provision of speciaii/cd advice and technical 
siq^)rt snxAl firms stx'king to comnuaiitli/e 
leading-edge lechncJogies. 



CoilcIlMHItl 



Ilie indusir>, imiversit)-. and government leaders partk i- 
paling in flu* stuih ;^{a*ed fhat sciemv and tt^tieering 
resi*arch and education lia\x" in the j>aM, and will cxm- 
tinue in the futua\ it) play a cnicial n^le in determining 
I .S. competitixxm^ss, Ilic)' fiirtlKT agreed that fiir iIk- 
most part, the I nited Siute?* has a healthy and \ihrant 
research and education s>>teni. ^ Vt to nmtntain its com- 
petitiw positkm aiul atain its technohigical leaUifship 
it! the £kx' <tf iiKitascxI imestnKiit in a-seaah and txfuiU- 
lion b) \mr fi)a*ign competitors, ilie I 'nitixl .^atc^ must 
continue to iiK aaNC its imvstment in these arcus. 

Ilie stuth participants tdentifieii a mmiber of areas 
fiir in^mivvnKiit. IhcH* inckKk* stietux* ;ind matln-matk's 
educatum. university industn aM^Hrraiive veniua-s. and 
greater commeaiali/ation of a^aali fimlings. Thv study 
also rewaled, however, that much of the change 
that nnH ocair is kii^-iemi in natua. IXniijgr^^ik' factors 
and the inca'asingly techm)U)gica! iKitua- of the nKidem 
ixDiKMin; for exan^lc will a-quia a kii^temi perspeiiiw 
of our human a^iuav netxis, w ith gaater emphasis on 
lite long cxiucatkm and atraining. In additkm. clianges in 
the natua' and conduct of aseaah are requiring 
unhcrsities, indusir)*. and gownnmeni to cliangi' the wa> 
llxy i^rate aixl hem tlnn a'late to each otIuT. Suth 
changes will ntit Ik- achiox^^l o\emight 

hi addiii<m la diteniiiiiing tlx^ \U"w> tif Nihiness. Mate 
ginernnient, and uniwrsity officials on a*seaah. etiuca- 
lion, and comixtiti\ene?»s. the stiuh raised a numlx-r of 
issues th;it nx rit tiirthtT consideratuin. I irst. what 
actions >Jiould fx- taken to impnnv science and mathe- 
ni;itii> at tlx* printir) aixl secoixtin' silnxil Incls? Sivomi, 
iieniographic changes and a decline in the ntiniber of 
AnxTican students pursuing seietxc aixl engineering 
di*grtx s will necessitate iix-a-ast^d involvenxtit of women 
and minorities in scknxv ami cngiixvrir^ llinv is this 
to be achiemi? Hiial. how can king tinx* lags in the 
cornnx'aiali/atkm pn>cx^ Ix' atluixxl?' Hnirth. iinia"i^t) 
indusin f>;irt(K*nJH{>s shoiiki Ix- evaiuatt^d and tlxtr 
pertbrmance tracked owr time B> w hat crireria do we 
judge their performance and their contribution to the 
gerx^ratkni and iransler of knt)wletlge? 

liLMh; futua piuinci>4iips atjuia rctk*tiniti4*n W liat is 
tlx- a*laiinn?4i!p Ixtwirn ^^ate initiati\c's aixl tcxkral i*tlorts 
regaaling research and Ue\elopmcnt? Are state federal 
partnerships ncx'tkxi. and if so. txm .should tlx*> be 
staictured? How w ould a restniciuring affect the private 
sixior iMxi tlx' ;x*;Kktnk* community? Ilx^e are questknis 
ilwt shN^Hiki Ix* ackfa-SHrd if tlx- 1 nilctl Stales is lo nxxl tlu' 
growing ecxinomic challenge. 
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11ms rcjii^rt is ihc rt'sult ot the ^mn cHohn ihc CtJiilt antc Ikninl. tin- Naiioml Cin\crnt)r^ 
AvMJdatUMi. am! the \ationul Si icncc l oiiiuJation Hh- pmjcct was pariialh M!pj>4)rtcil b> grants 
^K"" 01 rn and ^H"* Ol I'^y fnim Ihr Narional Science I cnindaiion to the ( i inference 
Hi)anl and the N<iA which de\e]<>{X\l and adminiMead the naiiimwide Mir\xy nn t ompeti 
ti^x'tK^s, Hie \afif>n;d Setnuv liniixtilit»n pimxi in ci> ?^niv)rii^ thrtv a*jytiii;ii nu^fings at uhich 
the vivws ol the sunxn re?^><>ndems were diHHisHi.1 ami aiin^hfieif 

Atiy <^>inii)fis, fiiulinj^N, and concUiMDns or recommendaiions exprevsed in this piifihcaiitjn 
;ia- ilnise nt l\yv auilKirs mxf dii not fuxt-sjsarily a-llea tlK- «rf the \alii)n;il Science Imimliiiioa 
llie Conferemv Ikuni. ur tin- Natitnul (ftnernor's AsM^ciation, i>r its nienilKTs. 
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